Transesophageal echocardiography (TEE) is frequently used during congenital cardiac surgery. Complications are infrequent, but interference with ventilation has been reported, especially in small infants. Ventilation variables were measured prospectively in 22 infants, 2-5 kg, undergoing heart surgery with TEE. Measurements were made preoperatively before and after TEE probe insertion and postoperatively before and after TEE probe removal. The variables measured included arterial blood gases, expired tidal volume, peak inspiratory pressure, positive end-expiratory pressure, minute ventilation, airway resistance, dynamic compliance, and peak inspiratory and expiratory flow rates. No significant change in any ventilatory variable at either time period was noted in the infants. Implications: Ventilatory compromise is infrequent in small infants undergoing transesophageal echocardiography (TEE) examination. Careful ventilatory monitoring rapidly detects changes in ventilation during TEE examination. Small infants who benefit from TEE during heart surgery should not be excluded from receiving a TEE examination because of concern of ventilatory compromise. I ntraoperative transesophageal echocardiography (TEE) has become an important monitoring modality for patients undergoing repair or palliation of congenital heart disease. TEE is used to assess pre-and postoperative anatomy, ventricular volume and function, intracardiac air (1) , and recently has been used to guide central venous catheter placement (2) . Complications from TEE are infrequent, but interference with ventilation from direct compression of the endotracheal tube, distal trachea, or mainstem bronchi have been reported (3) (4) (5) (6) (7) .
Despite the development of newer small TEE probes, small infants remain at greatest risk of experiencing impaired ventilation (4). However, this group of patients often realizes significant benefits from the information provided by TEE. Fear of compromised ventilation has led some surgical or anesthesia teams to limit TEE use in small infants. This study assesses the effect of TEE examination on multiple pulmonary function variables and gas exchange in small infants undergoing cardiac surgery.
Methods
After institutional review board approval and informed consent from parents, we studied infants weighing 2-5 kg scheduled for cardiac surgery and a TEE examination. Patients with preexisting anatomic airway obstruction were excluded. General anesthesia was induced with midazolam 0.1-0.2 mg/kg, fentanyl 10 -30 g/kg, and pancuronium 0.2 mg/kg, and in 7 of 22 patients, isoflurane (always less than 0.8% end-tidal concentration), and a nasotracheal tube and an arterial catheter were placed. After 10 min of steady-state volumecontrolled ventilation using a Siemens 900C ventilator (Siemens-Elema AB, Solna, Sweden), an arterial blood gas (ABG) and baseline pulmonary function tests (PFT) were measured with a sensor at the proximal end of the endotracheal tube (BiCore CP-100 Neonatal, BiCore Monitoring Systems, Irvine, CA). This device directly measures airway pressure and flow and continuously calculates and displays the following variables: expired tidal volume in mL (Vtexp), peak inspiratory pressure in cm H 2 O, positive end-expiratory pressure in cm H 2 
, dynamic compliance in mL/cm H 2 O, peak inspiratory flow rate in mL/s, and peak expiratory flow rate in mL/s. A pediatric biplane TEE probe with external dimensions 9 mm ϫ 8 mm (Acuson V705B, Mountain View, CA), was inserted, and a transverse plane four-chamber view was obtained with the probe in neutral position. After 10 min without changing ventilator settings, the ABG and PFT were repeated. The standard preoperative TEE examination was then performed. Anesthesia was maintained with fentanyl 50 -75 g/kg and midazolam 0.1-0.3 mg/kg, and pancuronium 0.1-0.2 mg/kg was administered at hourly intervals. The TEE assessment of the surgical repair occurred immediately after separation from cardiopulmonary bypass. Ten of 22 patients received small-dose isoflurane (less than 0.8% end-tidal concentration) during this time period. After this examination, and just before probe removal, the PFT and ABG were again measured, and then repeated 10 min after probe removal, without changing ventilator settings. The PFT variables were also monitored continuously during the entire period that the TEE probe was in place to detect any changes caused by probe manipulation. Statistical analysis was performed using a two-tailed t-test to compare the two sets of measurements: before/after TEE probe insertion and before/after probe removal. P Յ 0.05 was considered significant. A power analysis (Sigma Stat, SPSS, San Rafael, CA), at a power of 0.90 and an ␣-level of 0.05 was performed for the whole group to determine the likelihood of detecting a 25% change in any variable. Values for Vtexp, minute ventilation, airway resistance, dynamic compliance, peak inspiratory flow rate, and peak expiratory flow rate were divided by the patient's body weight for accurate comparison. For the purposes of this study, a 25% change in any measured variable was considered clinically relevant.
Results
Twenty-two patients were studied. The patient data are presented in Table 1 . Two patients did not have Values are mean Ϯ sd. Dx ϭ diagnosis, # ϭ number of patients, Rx ϭ surgical procedure, CPB ϭ cardiopulmonary bypass time, Aoxcl ϭ aortic crossclamp time, DHCA ϭ deep hypothermic circulatory arrest time, Anes time ϭ anesthesia time, TGV ϭ transposition of the great vessels, Ao arch ϭ aortic arch hypoplasia or interruption (with various intracardiac anomalies), HLHS ϭ hypoplastic left heart syndrome, CAVC ϭ complete atrioventricular canal, TAPVR ϭ total anomalous pulmonary venous return, CoA ϭ coarctation of aorta, VSD ϭ ventricular septal defect, Ebstein's ϭ Ebstein's anomaly of the tricuspid valve, R mod BT shunt ϭ right modified Blalock-Taussig shunt, DORV ϭ double-outlet right ventricle, PA band ϭ pulmonary artery banding. Values are mean Ϯ sd. Vtexp ϭ expired tidal volume, PIP ϭ peak inspiratory pressure, PEEP ϭ positive end-expiratory pressure, VE ϭ minute ventilation, RAW ϭ total airway resistance, Cdyn ϭ dynamic compliance, PIFR ϭ peak inspiratory flow rate, PEFR ϭ peak expiratory flow rate. measurements made after the surgical repair because the TEE probe was removed before that time. One patient suffered a pulmonary hemorrhage immediately after separation from bypass and had the TEE probe removed to eliminate the possibility that there was interference with already difficult ventilation. Another patient was discovered intraoperatively to have a double aortic arch encircling the trachea. The probe was removed before bypass, again to eliminate any possibility of interference with ventilation. No changes in PFT occurred after TEE probe removal in either patient. Table 2 reports the data pre-and post-TEE probe insertion preoperatively, and Table 3 pre-and post-TEE probe removal postoperatively.
There was no statistically significant change in ventilation, pulmonary function, or oxygenation during the preoperative or postoperative periods. The 22 patients weighed as little as 2.1 kg, and no patient had a clinically relevant change in any variable during data collection or during the TEE examination. When the data were stratified into patients weighing less than or greater than 3 kg, there was no difference detected in the pre-and postinsertion and removal data.
A power analysis revealed that the data in the 22 patients in this study were 99.9% likely to have detected a change of 25% or more in the PFT variables in the group as a whole.
Discussion
This study was designed to detect clinically relevant changes in pulmonary function variables and gas exchange in small pediatric patients. Some of these changes would not result in severe airway obstruction, but rather in decreases in ventilation which might lead to increased Paco 2 or decreased oxyhemoglobin saturation, which are likely to affect the clinical stability of these patients. The sample size in this study was too small to measure the frequency of severe airway obstruction in this population. This incidence has been reported to be 1%-2% in two large series of pediatric patients of all ages and weights (6, 7) . In two patients, the TEE probe was removed because of concerns about ventilation from conditions unrelated to the TEE probe. Probe removal resulted in no change in ventilation.
In summary, the performance of TEE did not affect pulmonary function or gas exchange in patients in this study. Ventilatory compromise does occasionally occur in pediatric patients undergoing TEE for heart surgery, but should not preclude the use of TEE, even for infants weighing between two and three kilograms. Peak inspiratory pressures, Vtexp, and end-tidal carbon dioxide wave forms should be monitored carefully in these small patients for early detection of airway obstruction. Values are mean Ϯ sd. Vtexp ϭ expired tidal volume, PIP ϭ peak inspiratory pressure, PEEP ϭ positive end-expiratory pressure, VE ϭ minute ventilation, RAW ϭ total airway resistance, Cdyn ϭ dynamic compliance, PIFR ϭ peak inspiratory flow rate, PEFR ϭ peak expiratory flow rate.
